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Abstract— In this work a novel wake-up architecture for 
wireless sensor nodes based on ultra low power FPGA is 
presented. A simple wake up messaging mechanism for data 
gathering applications is proposed. The main goal of this work 
is to evaluate the utilization of low power configurable devices 
to take advantage of their speed, flexibility and low power 
consumption compared with traditional approaches, based on 
ASICs or microcontrollers, for frame decoding and data 
control. A test bed based on infrared communications has been 
built to validate the messaging mechanism and the processing 
architecture. 
I. INTRODUCTION 
Energy usage in wireless sensor nodes is the main barrier to 
get fully unattended or even perpetual wireless sensor 
networks deployments. In order to get more energy efficient 
wireless sensor nodes a lot of research activities are being 
carried out related with all the steps of the system design, 
from energy sources to software development. In this work 
we focus on the communication layer because usually a big 
amount of energy is wasted listening the radio channel while 
there are no active communications. 
In order to eliminate the waste of energy in main 
communications a low power wake up device can be used to 
activate the node only when needed, remaining in low power 
mode most of the time. The main requirements of this wake 
up devices were defined in [1]: ultra low power 
consumption, false wake ups should be avoided, wake-up 
calls should not be lost and fast wake-up call detection, in 
order to not impact in the overall performance of the node 
and the network. 
The basic architecture of nodes with wake-up capabilities 
is a regular node with a custom wake-up transceiver (or just 
a receiver) for wake-up communications. To process the 
information of the wake-up messages normally the main 
processing unit of the node (typically a low power 
microcontroller) is used. 
In this work, a new approach is proposed, based in an 
ultra low power FPGA as the processing unit. The use of 
these devices against the implementation using processors 
permits to reduce the wake-up time and allows incrementing 
the baud rate of the wake-up channel which helps to reduce 
the latency of the network. 
The implementation presented in this work uses infrared 
communications. The usage of this kind of communications 
permits a cheap and easy way to validate the proposed wake-
up message mechanism designed. This kind of 
communications based on commercial infrared components 
present important drawbacks as the low baud rate and high 
power consumption. These factors make them hard to be 
used in real applications. However, for proof of concept they 
are quite suitable. 
I I . NODE ARCHITECTURE 
The architecture of the wireless sensor node used in this 
work is shown in Figure 1. 
íW ^ \ r ^ 
W LOW POWER FPGA 
W u R RX 
MICROCONTROLLER 
WAKE-UP 
SIGNAL 
(WuR ORuC ) 
O.K 
Figure 1. Node architecture. 
Main characteristic are: 
• Main radio channel: commercial chip based on ZigBee, 
working on the 2.4 GHz band. 
• Microcontroller: low power microcontroller MSP430 
FG438 from Texas Instruments, used for data 
processing. 
• Ultra low power FPGA: Igloo AGL250V5 from ACTEL 
(250000 equivalent gates). Used to control the wake-up 
communications. The wake up processing architecture 
has been already presented in [2]. 
• Wake-up Device: based on an infrared LED for 
transmission and a commercial infrared receiver for the 
reception. 
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In order to avoid problems caused by use separate 
channels with different ranges the main radio channel range 
is limited to be under the wake-up communications range. 
The route between nodes and addressing assignment relays 
on the ZigBee communication channel. In this way 
asymmetrical routes are avoided and it permits to simplify 
the wake-up processing unit which helps to reduce the power 
consumption of the processing unit. 
Figure 2. Testbed sceneraio 
III. WAKE-UP MECHANISM 
The mechanism proposed in this work has been designed for 
data gathering applications only, in order to reduce the 
complexity of the wake-up messaging. In this kind of 
applications a sensor node measures periodically their 
environment and sends the data to a concentrator node, 
named in this work sink. The communications between 
distant nodes are not used. With the characteristic of this 
scenario where only unidirectional communications are used 
(from a sensor node to the sink) the proposed mechanism 
only needs 2 types of messages to have a functional 
application. These messages are: 
• R2SINK (Route to Sink): this message is sent to wake 
up the next node in the path to the sink. 
• NWKRroute (Network reroute): this message is used to 
wake up all the nodes in the network when a route error 
is detected. When a node receives an NWKRroute 
message it broadcast the message till reach the all nodes 
in the network. 
A. Wake-up channel characteristics 
The transmission is modulated using Manchester code. This 
kind of codifications permits to avoid the use of preamble 
synchronization using very few resources of the F P G A . 
The bit time is 300 µs and the modulating frequency of 
the wake-up channel is 55 KHz. 
I V . TESTBED 
The test bed used is based on 4 wireless sensor nodes with 
the infrared transceiver attached to each one and an external 
microcontroller that acts as data logger for the state of the 
processing units of the nodes. The routings tables of the 
wake up processing units have been initialized in order to 
have the route shown in Figure 2. 
A. Experimental results 
Comparison about the implementation of the processing unit 
using the microcontroller and the F P G A has been made, and 
a summary of the results are presented in Table I . 
T A B L E I : WAKE-UP PROCESSING UNIT IMPLEMENTATION RESULTS 
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386.5 
17,22 
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56,8 
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In Figure 3. are shown some experimental results for the 
message mechanism, in (a) a R2SINK message sent from A 
to B is shown and the original message and the response are 
shown. In (b) an NWKRroute broadcast is shown, the Node 
oA (out of figure) sent the first message that travel through 
the rest of nodes in the network. 
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Figure 3. Experimental results (a) R2SINK (b)NWKRroute 
V. CONCLUSION 
As it can be seen in Table I , power consumptions are in the 
same range in F P G A and in microcontroller, taking into 
account that the F P G A works faster than necessary (11.0592 
MHz) and a bigger device than necessary, the design fits on a 
AGL20 (20000 equivalent gates), important reduction can be 
achieved in the F P G A implementation. 
A simple mechanism for nodes with wake-up capabilities 
has been tested in data gathering applications. 
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